C OGNITIVE impairment, mobility diffi culties, and depressive symptomatology are common in aging. It is estimated that 17% of people older than 65 years have cognitive impairment with no dementia ( 1 ), 20% -24% have a gait speeds of less than 1 m/s ( 2 ), and 15% of older individuals have depressive symptoms without clinical depression ( 3 ). Prospective studies have demonstrated that lower executive function performance is associated with falling ( 4 ) and with disability in daily activities ( 5 ). Furthermore, there is an association between depressive symptoms and impairments in activities of daily living ( 6 ) and between slow gait speed and disability ( 7 ). There is increasing evidence that executive function impairments are most likely to be associated with disability ( 8 ), leading to loss of independence and institutionalization ( 2 , 9 , 10 ).
C OGNITIVE impairment, mobility diffi culties, and depressive symptomatology are common in aging. It is estimated that 17% of people older than 65 years have cognitive impairment with no dementia ( 1 ), 20% -24% have a gait speeds of less than 1 m/s ( 2 ) , and 15% of older individuals have depressive symptoms without clinical depression ( 3 ) . Prospective studies have demonstrated that lower executive function performance is associated with falling ( 4 ) and with disability in daily activities ( 5 ) . Furthermore, there is an association between depressive symptoms and impairments in activities of daily living ( 6 ) and between slow gait speed and disability ( 7 ) . There is increasing evidence that executive function impairments are most likely to be associated with disability ( 8 ) , leading to loss of independence and institutionalization ( 2 , 9 , 10 ).
Moreover, impairment in one of the three domains is associated with impairment in the other two domains. For example, depressive symptoms are associated with cognitive decline and lower physical functional performance, both of which in turn are associated with increased depressive symptoms ( 11 , 12 ) . A similar bidirectional association has been reported between gait speed and cognitive function ( 13 ) .
Despite these bidomain associations, no study has investigated whether there is co-occurrence of impairments in these three domains in a population of nondemented elderly people. Furthermore, no prior study has examined whether executive functions are more likely be part of this profi le than other cognitive functions affected by aging, such as memory. If confi rmed, such a symptom profi le would suggest the existence of a specifi c aging phenotype that is characterized by simultaneous impairment in these domains and yet distinct from the frequently studied cognitive, mood, and mobility disorders.
One possible pathophysiological mechanism for the cooccurrence of cognitive impairment, mobility diffi culties, and depressive symptoms is microvascular disease affecting frontal subcortical regions of the brain, which may be a consequence of common vascular risk factors that accumulate with aging ( 14 ) . Elevated blood pressure is one of the most common age-associated vascular risk factors, which is associated not only with cerebrovascular disease but also with lower scores on formal cognitive testing, clinical dementia syndromes ( 15 , 16 ) , and depressive symptoms ( 17 ) . Elevated blood pressure is also associated with disability in activities of daily living and impaired self-reported mobility ( 18 ) . Both memory and executive functions are affected by hypertension, but the latter is more susceptible to elevated blood pressure. Seniors suffering from executive function problems have signifi cant diffi culty in following medical care advice ( 19 ) . Among 7,717 elderly women, executive function but not overall global cognitive function was associated with worsening activities of daily living and mortality ( 20 ) . We previously reported a dose -response association between systolic blood pressure (SBP) and impaired executive function, but not impairment of other cognitive domains ( 21 ) . This evidence suggests that hypertension may be one common factor that links executive dysfunction with abnormalities in mood and mobility. Therefore, our fi rst objective was to determine if a group or cluster of elderly individuals exists who simultaneously have worse executive function, slower gait speed, and a greater burden of depressive symptoms. Our second objective was to investigate if being a member of this group is associated with elevated blood pressure and other cardiovascular risk factors and diseases. Finally, we intended to investigate if such a classifi cation holds if we use a memory measure, rather than an executive function measure.
M ethods

The Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly of Boston Study
The Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly of Boston study (MOBILIZE Boston) is a prospective observational study conducted at the Institute for Aging Research at Hebrew SeniorLife in Boston, Massachusetts, and funded through a National Institute on Aging program project grant. It is designed to investigate risk factors for mobility and falls in an elderly cohort living within a 5-mile radius from the study center. The details on the design and recruitment are described elsewhere ( 22 ) . The Institutional Review Board at Hebrew SeniorLife approved this study and each participant provided written informed consent.
Participants
The recruitment process included a door-to-door recruitment of a probability sample from town lists capturing 90% of those aged 70 years or older listed in the most recent census located within 5 miles of the study center. Letters were sent to a random sample from the target recruitment area, followed by a home visit by the recruitment staff ( 22 ) . Eligibility criteria included age 70 years or older, ability to speak and understand English, and plans to be living in the recruitment area for at least 2 years. Exclusion criteria included cognitive impairment defi ned as a Mini-Mental State Examination score less than 18 ( 23 ) , hearing or visual impairment that interfered with communication, having a terminal illness (eg, receiving hospice services, metastatic cancer), and inability to walk 20 feet without assistance. Of the 5,655 households identifi ed, 4,319 individuals were age eligible, 2,382 satisfi ed inclusion criteria, 1,616 agreed to be screened, and 765 were enrolled. Of those, 600 had available data at the time of this analysis ( 22 ) .
Measures
Blood pressure was measured at the study center. Supine blood pressure and pulse were measured after the participant had been recumbent for at least 5 minutes using a standard sphygmomanometer. Two measurements were collected. The means of the two supine SBP and diastolic blood pressure readings were used in the analysis. Pulse pressure (PP) was defi ned as SBP minus diastolic blood pressure. Participants were considered hypertensive if they reported receiving antihypertensive medications or their average blood pressure was 140/90 mmHg or greater during the clinical examination. Controlled hypertensives were defi ned as those with a history of hypertension or receiving antihypertensives and their average blood pressure was less than 140/90 mmHg. A blood sample was collected for lipid profi le. History of diabetes mellitus, presence or absence of heart disease including heart attacks or myocardial infarction, history of stroke, and congestive heart failure were collected using self-report.
Hopkins Verbal Learning Test -Revised (HVLT) ( 24 ) includes a 12-item list that was read to the participant three times. After each time, the participant was asked to list as many words as he or she can recall. A delayed recall was asked again few minutes later and list recognition was also conducted. In the latter, the participant was read a list of 24 words and was asked to recognize if the word was part of the original list. Three measures were calculated for the HVLT: immediate recall = sum of number of words recalled during the three trials; delayed recall = number of words remembered at the delayed trial; and recognition = number of correct identifi cation if a word was present or absent on the recognition list. Each of these measures was standardized to a mean of 0 and standard deviation of 1. A cumulative memory score was calculated as the average of the three standardized measures. This measure was used as the overall memory assessment. Higher scores refl ect better memory function.
Parts A and B of the Trail Making Test (TMT) ( 25 ) were also administered to the participants. TMT-A measures the time a participant needs to connect a series of numbers and TMT-B a series of alternating numbers and letters. Part A refl ects the motor speed aspect of TMT and part-B the executive function aspect. Longer time refl ects worse executive function. For consistency, we standardized TMT to a mean of 0 and standard deviation of 1.
The Short Physical Performance Battery was used to characterize mobility of the participants. It includes measures of standing balance (timing of tandem, semitandem, and side-by-side stands; test -retest correlation = .97), 4-m walking speed (.89), and ability and time to rise from a chair fi ve times (.73) ( 26 ) . Gait speed was measured according to the procedure reported by Guralnik and colleagues as the time it takes for the participants to walk 4 m at their normal pace, starting from an inactive standing position ( 7 ). Gait speed was computed in meters per second. Two trials were performed, and the maximum of the two trials was used in this analysis.
Depression symptomatology was measured using a modifi cation of the revised 20-item Center for Epidemiological Studies-Depression scale (CES-D) ( 27 ) . We calculated depressive symptom burden scores as the simple sum of item responses. In an initial sample of 600 MOBILIZE Boston study participants, the items that comprise the CES-D were highly internally consistent (coeffi cient a = .87). Higher CES-D scores refl ect greater burden of depressive symptoms. In addition, Mini-Mental State Examination was performed on all participants.
Information on age, gender, race -ethnicity, smoking and alcohol history, level of education, pain during walking, and activities of daily living, including bathing, showering, dressing, transferring from a bed or chair, using the toilet, and eating, was also collected. A medication inventory was performed during the home visit and included a thorough recording of prescription and over-the-counter medications used in the previous 2 weeks ( 28 ) . Current use of antihypertensive medications was extracted from this inventory. Participants were also asked to rate their overall health (from poor to excellent) and if they have a physician that they see at least once a year. Height was measured using a stadiometer with the participants standing while holding a full breath. Weight was measured without shoes using a balance beam scale calibrated regularly.
Process of choosing variables for defi ning the group. -We were interested in identifying a group of individuals with poorer performance on measures of gait, depressive symptoms, and executive function. We identifi ed the following set of measures to investigate if such a group existed: TMT-B (seconds), gait speed (seconds), and CES-D (score). Our justifi cations for selecting these measures were their evidence for reliability in the elderly population, ability to predict further physical and cognitive decline based on prior research ( 4 -7 ), and ease of conduct in a busy clinical practice. Completing the three measures took about 10 minutes.
Statistical Analysis
To identify a group of participants with concurrent low performance on TMT-B, gait speed, and CES-D, we used latent profi le analysis (LPA) to categorize individuals based on their performances. LPA is a type of latent class analysis that uses continuous measures to cluster individuals into classes or groups using posterior probabilities calculated by Bayes ' theorem ( 29 ) . The analysis operationalizes an assumption that an unobserved categorical latent variable is responsible for the covariation among the class indicators (cognitive functioning, gait speed, and depressive symptoms). Each participant was assigned to a latent class to which the largest posterior probability was calculated. Within LPA, the term model is used to compare number of classes or profi les of individuals with similar patterns of responses and performance on indicators of interest. Detailed criteria for determining the best-fi tting model are described elsewhere ( 30 , 31 ) . Briefl y, the best-fi tting model is the model with the lowest values for the following criteria: Akaike information criterion, Bayesian information criterion, and log likelihood. There are no a priori cutoffs for these measures of model fi t and they are used in the relative comparisons between various models (lower values mean a better fi t model). The Bootstrap likelihood ratio test compares two sequential LPA models, for example, the threeclass versus the four-class model. The model with the lower p value means a better-fi t model compared with the preceding one. To examine the accuracy of the LPA models for assigning individuals into classes, we noted the entropy values. Higher entropy values (closer to 1) means the model better explains the classifi cation of individuals ( 30 ) . For the clinical interpretation, we examined the mean level differences between classes across each LPA model. We conducted two LPAs, one with executive function (TMT-B) and the other with memory (HVLT). We used M-plus version 5 to perform this analysis.
Once we selected the best-fi t model, we defi ned a discrete outcome variable based on each person ' s most likely class membership. We then proceeded to compare the latent classes on their demographics, social measures, comorbidities, and functional measures. We also investigated the association between blood pressure, elevated cholesterol, diabetes mellitus, stroke, and other cardiovascular diseases and the likelihood of being in the lower performance cluster. Using multiple logistic regression with the outcome being class membership, we examined the association of blood pressure, stroke, diabetes mellitus, and other cardiovascular diseases with membership in the three-symptom class after adjusting for age, race, body mass index, educational level, smoking, use of antihypertensives, osteoarthritis, and pain that interferes with walking. We used SAS (SAS Institute, Cary, NC) to conduct this analysis.
R esults
Of the 600 participants recruited, neuropsychological and gait speed data were available for 580 (97%). The mean age was 77.8 ± 0.2 years, 64% were women, and 80% were self-described as whites. In the overall sample, the mean TMT-B was 142.9 ± 3.7 seconds, gait speed 0.96 ± 0.1 m/s, and CES-D 10.9 ± 0.4. Table 1 provides the results of the LPA using TMT-B as the cognitive measure. We compared two-, three-, and fourclass models. Independent of the number of classes, we identifi ed a group of participants with low performance on all three measures. Ninety-seven participants (17%) in the two-class model, 83 (14%) in the three-class model, and 99 (17%) in the four-class model belonged to the three-symptom group. Depending on the number of classes in the model, the mean gait speed of this group was 0.76 -0.80 m/s, CES-D score 11 -16, and TMT-B 1.6 -1.9 SD units above the mean. We designated this group as the low-performance group.
As shown in Table 1 , the four-class model had the best-fi t statistics and high accuracy for classifi cation of participants (entropy = .91). The three-class model did not differ signifi cantly from the two-class model ( p = .152 for the difference between the two-class and threeclass models), and the four-class model was superior to the three-class model ( p = .019). Therefore, we selected the four-class model (low-performance group: n = 99 [17%] and normative group: n = 459 [79%]) for our subsequent analyses. There were two additional small groups in the four-class model ( n = 17 with high CES-D and n = 5 with prolonged TMT-B) that were excluded from subsequent analyses.
We then performed a similar LPA using HVLT (memory) instead of TMT-B (executive function) as the cognitive measure. Table 2 shows the results. This analysis did not reveal a distinct group with poor performance in cognition, mood, and gait as in the prior analysis. Although CES-D scores were different, the memory scores and gait speeds were almost identical in each group of the two-class and three-class models. Table 3 provides the characteristics of the low-performance group versus the normative group. Members of the lowperformance group were older ( p < .0001), were more likely to be African American ( p < .0001), had lower education ( p < .0001), but had similar nonvascular comorbidities. They also reported poorer overall health ( p < .0001), reported more overall disability in activities of daily living and instrumental activities of daily living ( p < .0001 for both), and performed worse on the Short Physical Performance Battery ( p < .0001). The difference in HVLT was statistically signifi cant ( p < .0001) but clinically small (0.7 SD units in the low-performance group vs 0.2 SD units in the normative group). Finally, the low-performance group had lower TMT-B score ( p < .0001). Tables 4 and 5 provide the results of the analysis comparing the two groups on blood pressure and other vascular diseases and risks. Among the members of the low-performance group, 93% were hypertensive and 34% had uncontrolled hypertension. They had higher SBP ( p = .05) and PP ( p = .001) but not diastolic blood pressure ( p = .8) compared with the normative group. Members of the low-performance group were more likely to report a history of stroke ( p = .005), congestive heart failure ( p = .006), and diabetes ( p = .0002). They also had a higher Framingham risk score ( p = .0001). There were no differences in cholesterol levels, atrial fi brillation, or other heart diseases between the two groups.
In the multivariable models, SBP and PP remained signifi cantly associated with being a member of the lower performance group after adjusting for age, race, education, gender, body mass index, smoking history, use of antihypertensives, and other cardiovascular diseases and risk factors. This was also true after adjusting for arthritis and having pain that interferes with walking. Similarly, stroke and lowdensity lipoprotein remained signifi cantly associated with being a member of this group, independent of blood pressure and other covariates. Diabetes mellitus remained signifi cantly associated with being member in this group after adjusting for SBP but not PP. Finally, congestive heart failure was not associated with membership in this group after multivariable adjustments. The association between uncontrolled hypertension and being in the low-performance group was not significant after these adjustments (odds ratio 3.13, 95% confi dence interval 0.90 -10.88). We did not perform multivariable analysis for diastolic blood pressure because there was no difference between the two groups on bivariate analysis.
D iscussion
This study demonstrates that there exists a group of elderly individuals with a unique phenotype of worse executive function, slow gait speed, and greater depressive symptoms compared with the general population. The prevalence of this phenotype is 17% of English-speaking ambulatory nondemented elders in the greater Boston area. Having this phenotype is independently associated with elevated SBP, PP, and other cardiovascular conditions. Memory indicators did not cluster with slow gait and depressive symptoms. Individuals with this phenotype are more likely to report limitations in function and perform poorly on physical performance measures.
To the authors ' knowledge, this is the fi rst study to identify a cluster of elderly individuals with simultaneous low performance on tests of executive function, gait speed, and depressive symptoms, and its association with high blood pressure and other vascular risk factors and diseases. Prior studies have reported that elevated blood pressure and diabetes are associated with cognitive impairment and depressive symptoms when assessed separately ( 15 , 21 , 32 ) . These fi ndings identify a potentially important but previously unexplored manifestation of elevated blood pressure and cardiovascular disease that may further explain the link between vascular disease and disability in late life ( 18 ) .
SBP has been well documented as a more important risk factor for stroke and other cardiovascular diseases compared with diastolic blood pressure ( 33 ) . In this study, we also demonstrate that SBP is more likely to be associated with poor functional performance than diastolic blood pressure. Finally, this is the fi rst report of the association of PP with poor performance in the selected domains and confi rms that PP is an important clinical measure that needs to be included in routine assessments.
Diffi culties in executive function are critical mechanisms by which elders become disabled ( 34 ) . Our study suggests that those with executive impairment are also more likely to have greater depressive symptoms and slower gait speed, offering an additional explanation for the association between executive function and disability. Additionally, the lack of clustering with measures of memory and the association of this profi le with elevated blood pressure and vascular conditions suggest that executive function may be a more specifi c measure of vascular-related cognitive impairment.
From a clinical perspective, patients in the low-performance profi le have a higher vascular load and worse performance on functional and disability measures. This raises the Notes: CI = confi dence interval; OR = odds ratio. OR obtained from the logistic regression with class membership as the outcome. * Model includes blood pressure, low-density lipoprotein, diabetes, stroke, congestive heart failure, demographics, education, smoking status, use of antihypertensives, osteoarthritis, pain upon walking, and body mass index.
need for measuring executive function as well as assessing gait speed and depressive symptoms in the routine assessments of high -vascular risk patients.
Our operational defi nition for the profi le of executive, mood, and gait impairment can be easily applied in the clinical setting and is based on the upper or lower boundary of the 95% confi dence intervals for the tests describing each of the symptoms in the triad. Those who concurrently have a gait speed of 0.85 m/s or less (range 0.71 -0.85), a TMT-B score of 262 seconds or more, and a CES-D score of 8 or more meet our criteria. These criteria need to be validated in future studies of other populations. Until then, we recommend that vascular risk factors be assessed in individuals with these characteristics.
One possible explanation for our fi ndings is that aging, blood pressure, and vascular risk factors tend to preferentially affect the frontal subcortical regions of the brain ( 21 , 35 ) . Pathological processes that interfere with the integrity of circuits in these regions are associated with executive dysfunction, depressive mood, and motor " slowing " ( 35 -37 ) . The common convergence of abnormalities in these three domains may arise from damage to white matter association pathways interconnecting frontal and subcortical regions of the brain ( 14 ) . In support of a cerebral microvascular etiology for this triad of symptoms, vascular risk factors, especially elevated blood pressure, reduce cerebrovascular vasoreactivity and cerebral blood fl ow, predisposing elderly individuals to greater risk of hypoperfusion in these anatomic areas ( 38 , 39 ) .
The identifi cation of the low-performance group and its association with vascular risk factors and cardiovascular diseases suggest that this may be a specifi c " vascular aging " phenotype. Elderly individuals with this phenotype are more likely to have impairments in activities of daily living, instrumental activities of daily living, and physical function compared with the remaining population. This phenotype is also prevalent in nondemented and relatively independent community dwellers, especially those with hypertension and other vascular risks and diseases.
Our study has several limitations. First, it is a crosssectional study and therefore we cannot infer a temporal relationship between vascular disease and this phenotype. Nevertheless, it provides important information about manifestations of vascular disease in an aging population and offers one way to assess aging-related symptoms in future hypertension and other vascular-related studies. Second, we used self-reported comorbidities. Although this has been validated in population studies, there is still a risk of misclassification. Further, other nonvascular factors may be contributing to poorer performance on the selected tests. For example, arthritis and painful walking may limit gait speed measures. We have adjusted for these factors using multivariate analyses to the extent possible in our sample. Finally, we only explored the clustering of impairments in the three domains, and this does not preclude that those with impairment in two domains may also have high vascular risk.
C onclusions
In a representative cross-sectional sample of communitydwelling elderly individuals, there exists a cluster of individuals with a phenotype of poor executive function, slow gait speed, and greater depressive symptoms. Measures of memory were not associated with this constellation of symptoms. Elevated SBP and PP, stroke, and other cardiovascular conditions are independently associated with having this phenotype. Patients with impairments in executive function, mobility, and mood should be carefully assessed and treated for cardiovascular risk factors. Further studies are needed to validate this phenotype, determine its underlying mechanisms, and assess whether the amelioration of cardiovascular risk factors can prevent its development. 
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